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When a shock wave passes  through a body and reaches the free surface,  the mate r ia l  begins to expand. If the 
shock wave is a powerful one and the in terna l  energy of the heated mate r i a l  exceeds by many t imes the binding energy 
of the atoms,  the mate r ia l  is vapor ized and behaves like a gas.  The theory of this expansion has been examined by 
Zel 'dovich and Raizer  [1, 2]. However,  these authors a s sume  that it is not yet possible  to obtain a final solution of the 
p rob lem for lack of a theory sa t i s fac tor i ly  descr ib ing  the thermodynamic  functions of mat te r  in the region of densi t ies  
somewhat l e s s  than norma l  for the solid s ta te .  The phase t r ans fo rmat ion  kinet ics  may also play an important  par t  in 
this expansion,  but these quest ions have received li t t le theoret ica l  at tention,  and, as far  as the author is aware,  have 
hardly  been studied at al l  exper imenta l ly .  

"Instantaneous" heating by l a se r  radiat ion has recent ly  been used to de te rmine  the thermodynamic  proper t ies  of 
ma te r i a l s  at densi t ies  close to so l id -s ta te  densi ty and to study the i r  expansion [3-6] .  

In o rde r  to observe  the p rocesses  of expansion following instantaneous heating we conducted exper iments  on the 
expansion of a paraff in  plug af ter  passage of a plane shock at a velocity of 33 krn/see .*  After  the shock wave reached 
the free surface  of the plug, the paraff in expanded into a cyl indr ica l  channel  of the same d iamete r  as the plug filled by 
a i r  at var ious  p r e s s u r e s  (760, 85, 0.1 mm Hg). In these exper iments  we recorded the veloci ty of the shock wave in the 
plug and the velocity in the a i r  f i l l ing the tube by means of an SFR-2M high-speed photorecorder .*  

The resu l t s  of the exper iments  a re  presented  in Fig. 1, which shows the expansion velocity of the paraffin as a 
function of the p r e s s u r e  in it  (points 1, 2, 3, and 4). The mass  velocity of the expanding paraff in and p r e s s u r e  acting 
on it, equal to the p r e s s u r e  in the a i r  shock propagating in front of the expanding pa.raffin, were de termined from the 
data of [7]. Point 1 was plotted on the basis  of the exper imenta l ly  de termined veloci ty of the shock wave in the paraff in 
plug. The equation of state used for the paraff in was s i m i l a r  to that employed for the detonation products of condensed 
explosives lJ = AP3o The curve  of i sentropic  expansion of the paraff in af ter  the shock wave reached its surface was 
also calculated on the bas is  of this equation. The calculat ions were analogous to those made in [8] for the expansion of 
the detonation products  of condensed explosives .  It is c l ea r  f rom the figure that the exper imenta l  point obtained for the 
expansion of paraff in into a i r  under  no rma l  conditions (point 2) lies very  close to the calculated curve (7 = 3). The 
densi ty of the paraff in for this point, calculated from the curve with exponent 3, is equal to ~ 0.3 g/cm 3. The posit ion 
of points 3 and 4 at a cons iderable  dis tance from the curve with exponent 3 shows that expansion to lower p r e s s u r e s  
proceeds at a s m a l l e r  value of the exponent.  A s i m i l a r  change in the value of the exponent is also observed in connec- 
tion with the expansion of the explosion products of condensed explosives.  The calculat ions of Jones and Mil ler  [9] 
show that a change in the exponent f rom 3 to 1o27 may be assumed to occur on a ra ther  nar row in terva l  of densi t ies  
and p r e s s u r e s  (p ~ 0.3 g/cm3). Assuming that in the expansion of paraff in the change in the exponent takes place in a 
s i m i l a r  way, we attempted by t r i a l  and e r r o r  (for points 3 and 4) to calculate  the subsequent expansion curve with ex-  
ponent 1.3. As our  s ta r t ing  data we took the p a r a m e t e r s  between points 2 and 3 and the r equ i remen t  that the curve 

pass close to point 4 {curve 7 = 1.3). 

On the basis  of these exper iments  it may be concluded that af ter  the passage of a shock wave at a velocity of 
33 k m / s e c  paraff in expands with a var iab le  adiabatic exponent.  Up to a ce r ta in  coun te rp ressu re  (expansion i~to a i r  un-  
der  no rma l  conditions) the exponent is close to 3 and the density of the expanding paraffin remains  fair ly  high. 

*The p r e s s u r e  in the shock wave was ~5 o 10 ~ kg / c m 2 and exceeded the value p c~ = 4 �9 104 kg /cm 2 for paraffin by two 
o rde r s ,  which is ten t imes more than enough for the total  evaporat ion of the paraff in [4]. 
t T h e  motion of the shock wave in the plug was recorded from the end face with the axis of the plug and the axis of the 
i n s t rumen t  forming an angle of 15-20 ~ . At the recorded veloci t ies  the shock wave in the paraff in is luminescent  and 
vis ib le  through the supervening layers .  The veloci ty 33 k m / s e c  is the a r i thmet ic  mean of the resul t s  of five independ- 
ent exper iments .  In this case the s tandard  deviation ~ = 0.85 k m / s e c .  As it  t raveled  through the plug, the shock wave 
maintained a veloci ty constant  within the l imits  of e r r o r  of the me a su r e me n t s .  
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In [3-6]  the adiabatic exponent was assumed constant ,  which may have had an important  influence on the accuracy  
of the resu l t s .  

The observed law of expansion of paraff in after  ins tantaneous heat ing in a powerful shock wave should evidently 
also apply to the expansion of other subs tances .  

Thus,  the effect has been used to obtain a compact mass  of tungsten par t ic les  with a veloci ty of 24 k m / s e c  and 
densi ty ~ 1 g /cm3,whose  act ion on targets  is descr ibed  in [10]o In the case of expansion into a vacuum (10 -2 mm Hg) 
the tungsten par t ic les  acquire  a veloci ty of 68 k m / s e c .  

The author is grateful  to S. G. Shpak and M. S. Gainul l in  for ass i s t ing  with the exper iments  and the analys is  of 
the r e su l t s .  
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